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In the monograph the concept of reconstruction of multidimensional 

structure of complicated systems is stated. A basis for realization of the declared 
concept, is working out of methods of mathematical modeling of the dynamic 
casual processes generated by complicated systems. Dynamic casual processes 
correspond to a class of processes with stationary increments of any order. 

For processing of selective functions of such processes representing non-
uniform data sets registered in the form of casual numerical time sequences, 
specialized dynamic structure are the cascade filter. 

The mathematical description of complicated systems and, accordingly, 
dynamic casual processes is realized by filtering adaptive algorithms of model-
ing. Adaptation procedures, components with the basic procedures of modeling 
dual pair, are algorithms of statistical search optimization. 

The monograph is intended for science officers, post-graduate students, 
teachers, students, the area of which scientific interests is connected with techni-
cal cybernetics. 
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Preface 
 

The mathematical exposition of stationary casual processes became clas-
sical discipline for exposition of their any aspects on the settled positions. But 
for mathematical modeling of nonstationary casual processes at present there is 
no common scientific base. Apparently to the author, the reason is connected 
with lack of their classification and, as consequence, use of negative definition 
of the nonstationary process based only on negation of its stationarity. 

For the purpose of a solution of this problem in the book it is investigated, 
the introduced A.N.Kolmogorov a class of casual processes with stationary in-
crements in which the structural indicators estimating character of behavior of 
such processes are defined, with use of a means of the mathematical theory of 
systems. On this basis the unified methodology of shaping of algorithmic mod-
els of dynamic casual processes is developed, the model describing a many-
dimensional phase condition of complicated system, generating such process is 
formalized. 

For giving of completeness to an statement in chapter 1 the historical and 
objective review on a theme of the given scientific direction, sufficient for un-
derstanding of sources and outcomes of research has been investigated. In the 
chapter 2 bases of a problem of mathematical modeling of dynamic casual proc-
esses and a condition of their resolvability are defined. In the chapter 3 shaping 
of a configuration of a set dynamic predictor models (DPM) in the form of the 
proof of fundamental theorems is presented, research of one of two basic mod-
ules of algorithmic model - the dynamic kernel is carried out. Research of other 
basic module DPM is carried out in the chapter 4 - the cascade filter and its ef-
fective exponential transformation, and for adaptive tuning of parameters of the 
filter in offered to use a random search. In the chapter 5 conditions of adaptation 
of a random search are defined and the method of an adaptive random search 
with a director cone is offered. 

The listed references, which are given in the end of the book, will allow 
the reader to specify its interesting positions. 

Using a pleasant possibility, the author expresses sincere gratitude to pro-
fessor Simon L. Podvalny over careful reading of the manuscript and valuable 
notes, to professor Oleg J. Kravets over the important councils during all work 
and to professor Alex Poznyak, director Departamento de Control Automatico 
CINVESTAV del I.P.N. Mexico, D.F. over benevolent discussion of materials 
of research. 

The author expresses hearty gratitude to the wife, Ekaterina A. Gantseva 
and the son, Guy V. Kaladze over the essential contribution to the carried out 
researches. 

V.A.Kaladze 
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Introduction 
 

Mathematical modeling of non-stationary casual processes and compli-
cated systems is an extensive and ambiguous direction of researches in natural 
sciences, economy and sociology. Complexity of such problems is defined by 
not only their casual nature. 

Likelihood-statistical model can be used to describe only stationary casual 
processes. Non-stationary casual processes (NSCP) cannot be formalized by 
likelihood laws because they have no concept of a general totality. 

The dynamic casual processes (DCP) equivalent to a class of casual proc-
esses with stationary increments, to the entered A.N.Kolmogorov are investi-
gated and modeled in this paper. Processes with stationary the increments of 
high order described by A.M.Jaglom, represent evolution of a condition of com-
plicated systems. Their realizations can be considered as an resulting of monitor-
ing of complicated systems. The order of a stationary increment is equal to an 
order of a consecutive increment at which it becomes for the first time stationary 
casual process here. The order of a stationary increment here is equal to an order 
of a consecutive increment at which it becomes firstly the stationary casual 
process. The concept of the numerical modeling DCP, allows to create a qualita-
tively new way for the mathematical description of dynamic systems in the con-
ditions of information uncertainty. 

In this paper the common methodology of formation dynamic predictor 
models (DPM) dynamic casual processes is developed. The configuration of 
mathematical model defines a multidimensional phase condition of complicated 
system, generating this process is formalized. A method of mathematical model-
ing DCP is the DPM-approach under conditions of the adequate mathematical 
model of complicated system is formed. 

The fact of the complicated system generates DCP allows to formulate a 
problem of the mathematical description of process in phase space of system and 
to formalize DPM. The structural vector S estimating a casual process spectrum 
harmonics with stationary increments is the result of direct modeling DCP by 
means of the cascade filter. DPM approximates a trajectory of system on the ba-
sis of statistical similarity and describes dynamics of system. 

In work the method of structural adaptation of the dynamic model, using 
an estimation of an order of a stationary increment and Kolmogorov's structural 
function of casual process for guarantee of supremum-form DPM is offered. 

The bottleneck of modeling NSCP is connected with absence of a mathe-
matical apparatus of an estimation of the most probable value of process for 
each moment of time on its selective function. The classical way of an estima-
tion of a population mean the operator of an average arithmetic is fair only at 
calculations on the homogeneous information. 

In the given research methods estimation, considering dynamic features of 
casual processes and their time characteristics. 
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Mathematical modeling of dynamic casual processes represents the inde-
pendent scientific direction based on integration of problems and methods of the 
theory of casual processes, the mathematical statistics, the theory of groups and 
difference schemes, the mathematical theory of systems, search optimization 
and calculus mathematics. 

Distinctive features of this approach are 
1. Creation of family of the algorithmic models reconstructing multidi-

mensional structure of complicated systems, presented by dynamic casual proc-
esses. 

2. A modular configuration of the developed integrated mathematical 
models of dynamic casual processes in make-up: a dynamic kernel (including 
predictor and variator of parameters), the cascade filter and the adaptive casual 
search integrated into structure of model in the form of the additional module. 

3. The dynamic kernel reconstructing multidimensional structure of com-
plicated system. 

4. The cascade filter with exponential effective transformation, as a 
method of dynamic processing of the statistics, filtering and parallelizing scalar 
casual time sequence in a structural vector of model. 

5. Adaptive casual search, as a method of adjustment of parameters of a 
filtration developed DPM. 

6. A method of structural adaptation of the model, using an estimation of 
its order. 

7. Cross-structural an indicator allowing statistically to estimate dynamics 
of casual processes. 

 
 

* * * 
 

The body text of the monograph is written in Russian.
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